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Introduction
Excessive alcohol use is a major source of morbidity and mortality [1] . Approximately 17.6 million (8.5%) American adults have alcohol abuse or dependence [2] , and 41.4% of substance abuse treatment admissions are for alcohol [3] . Most patients do not complete treatment successfully [4] , and relapse rates are high [5] .
Contingency management (CM) is among the most efficacious psychosocial treatments for substance use disorders [6;7;8] and holds potential to improve alcohol outcomes. CM utilizes tangible incentives to reinforce abstinence. For example, patients submit biologic samples two to three times per week and earn vouchers exchangeable for goods and services for tests that read negative. Voucher amounts typically escalate for each consecutive negative test to promote sustained abstinence, a reliable predictor of long-term outcomes, and vouchers reset when abstinence does not occur. CM is efficacious for increasing abstinence from cocaine, opiates, benzodiazepines, marijuana, and cigarette smoking [9;10] .
Laboratory and clinical studies suggest that CM might also be useful for treating alcohol problems. Petry et al. [11] found that a greater percentage of alcohol-dependent veterans randomized to CM for alcohol-negative breath tests (n-BrACs) remained abstinent and had a longer time until relapse than standard care patients. However, Helmus et al. [12] reinforced twice weekly n-BrACs in dual diagnosis patients and found all tests were alcohol-negative despite reports of frequent drinking. In fact, alcohol measured in urine, blood, and breath peaks about 1 hour following consumption and is eliminated rapidly, requiring multiple tests daily to detect all use. Importantly, testing frequency is crucial to the effectiveness of CM [7] . Infrequent the elbow stabilized. Standing 2-3 feet away, the breathalyzer pre-test reading of 0.00 g/dL is displayed to the lens, the start button pressed (audible beep), and one inhales and exhales (audible) into the breathalyzer until a beep sounds. Next, the BrAC test result is displayed to the lens and the record button pressed to end recording. Lastly, the video is reviewed to confirm that the test was captured, and then sent to the RA. The process takes about 3 minutes. Participants completed at least three high quality videos, until comfortable and efficient.
Participants were instructed to keep equipment with them between 7 a.m. and 11 p.m. For the first three days, the RA called to inquire about any problems, thanked participants for videos sent at prompted times, and helped troubleshoot if needed.
Study Conditions
Participants were randomized to (1) BrAC Monitoring only (n=15) or (2) BrAC Monitoring plus CM (n=15), using a computerized urn randomization procedure, stratifying individuals on gender.
BrAC Monitoring only. The RA texted participants one to three times daily to indicate a BrAC was due within the hour and the compensation for a valid on-time video. If a BrAC video was not received within 30 minutes, a reminder text repeated that deadline and possible compensation. Prompts occurred 8am to 11pm, but were clustered during evenings and weekends (6pm to 11pm at least 5 evenings per week, and at least twice on two evenings per week). Prompts prior to 6pm occurred 1-2 times per week. Participants were informed that there would be up to 21 BrACs per week. On average, 10 prompts per week occurred; the exact
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Each video was reviewed for quality and a thank you text sent communicating earnings.
Compensation for adherence was $1 per valid on-time video, $10 per 7-day period of all BrACs valid and on-time, and $20 for at least 90% of all videos being valid and on-time. Average earnings for perfect adherence were about $100, consistent with previous work involving daily calls or emails [23] .
BrAC Monitoring plus CM involved the same procedures above. These participants also received escalating vouchers (promissory notes redeemable for a gift card or check in the amount earned) for valid on-time n-BrACs (< .02 g/dL) [24] . Vouchers started at $2 for the first n-BrAC and increased $0.50 for each consecutive n-BrAC, up to $10 maximum. Vouchers reset to $2 when a BrAC read ≥ .02 g/dL or was submitted late, and the highest voucher level attained prior to a reset was reinstated after five consecutive n-BrACs. If all tests were valid, on-time and negative, participants could earn about $340, an amount consistent with efficacious voucher CM therapies (about $1000 over 12 weeks). Thank you texts included voucher earnings and the amount possible for the next valid on-time n-BrAC.
Participants were encouraged to request voucher earnings at any point. All but one elected to receive a lump sum payment at Week 4. 

Data Analyses
Analyses were conducted on an intent-to-treat basis. Baseline data were examined for differences by condition using chi-square tests (χ 2 ) and analysis of variance (ANOVA).
The primary aim was to assess the efficacy of CM on reducing drinking. Percent n-BrACs (< .02 g/dL) was the primary outcome. Secondary drinking outcomes were longest duration of abstinence (LDA) defined as the greatest number of consecutive days of n-BrACs and selfreported (TLFB) number of drinking days and drinks per drinking day. Outcomes were examined as a function of condition using univariate or repeated measures ANOVA or ANCOVA 2 .
Cohen's d indicates effect sizes for ANOVA analyses, Cramer's V for χ 2 ; omega-squared (ω 2 )
indicates proportion of variance accounted for. Changes in DrInC and ASI-Alcohol composite scores from Intake to Week 4 were examined using repeated measures ANOVA or ANCOVA, with condition as the independent variable.
In regard to the validity of procedures, the association between a BrAC ≥ 2 g/dL and TLFB selfreported drinking on a day was examined using the phi coefficient (Φ). For magnitude of drinking, Kendall's tau and Spearman's rho described the relationship between the highest BrAC result each day and TLFB number of drinks each day. 2 Of the three baseline variables that differed between conditions (Table 1) , none were significantly correlated with percent n-BrACs, the primary outcome. Years of education was significantly correlated with LDA (r = -0.44, p = .02) and ASI Alcohol (r = .40, p = .03), and age was significantly correlated with TLFB drinking frequency (r = .56, p = .00) and magnitude(r = -.42, p = .02). Analyses were conducted first including only the baseline variable significantly correlated with the outcome as a covariate, if any. Analyses were repeated using the two remaining non-significantly correlated baseline variables as covariates, and conclusions were the same. Analyses presented include only the baseline variable that correlated with the outcome measure as a covariate (years of education in the LDA and ASI Alcohol analyses, age in the TLFB-based frequency and magnitude of drinking analyses) 
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Results
Baseline Characteristics Table 1 depicts baseline and demographic variables. Participants in the Monitoring only condition were on average significantly older, more educated, and had lower DrInC scores than CM participants.
Drinking-related Outcomes
Number of BrAC prompts did not differ between conditions (CM, 629; Monitoring only, 610), F
(1, 28) = 1.38, p = .25). Figure 2 depicts drinking outcomes by condition, Table 2 3 The principle issue related to breathalyzer maintenance that arose during the study was the tendency for the plastic mouthpieces to break. Research staff hand delivered replacement pieces to participants the same day when needed to avoid disrupting breath test procedures. Future efforts should consider supplying extra mouthpieces to participants upfront to avoid these costs in staff time and effort. Table 2 ). On perceived effect of procedures on drinking, 71% of CM participants endorsed "quite a bit" or "a lot" compared to 0% of Monitoring only participants. Differences between conditions on the remaining items were not significant. Most participants reported being at least moderately satisfied with procedures, and most endorsed 2-3 months of monitoring as the best duration of time to reduce drinking.
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Compensation and Voucher Earnings
Compensation for adherence was on average (± SD) $69.2 ± $27.9 and $61. 
Discussion
This study examined the feasibility and initial efficacy of using cell phones and breathalyzers to remotely monitor alcohol consumption and reinforce abstinence in individuals' natural environments. Adherence rates were high, and participants encountered few problems, supporting feasibility. CM was associated with increased rates and durations of alcohol abstinence and decreases in self-reported days of drinking and problem severity during the intervention.
Accepted Article monitoring may impact acceptability. Another option may be to increase the frequency of breath tests. There is precedence for asking social drinkers to respond to four random prompts daily to complete Interactive Voice Response (IVR) surveys for 14 days, with 92% adherence [26] , and for asking smokers trying to quit to respond to four random prompts daily to complete surveys via palmtop computers for one week, with 78% adherence [27] . Nevertheless, increasing testing frequency in this context may be impacted by its relatively greater response demands.
Third, this intervention was relatively brief. Generally, higher treatment intensity and duration improves outcomes [28;29] . With CM, longer durations do not inevitably translate into improved outcomes [7] , but research on CM for alcohol problems is also limited. Longer durations of monitoring and reinforcement may be appropriate and acceptable in individuals with higher severity of alcohol problems seeking to reduce use. Anecdotally, most participants indicated that a longer monitoring duration would be best to decrease drinking.
Fourth, text message prompts, reminders, and thank-you's were completed manually. Existing technologies such as IVR and internet could automate these procedures in whole or in part, Fifth, participants were encouraged to redeem earnings at least weekly because research indicates that delayed reinforcement adversely affects outcomes [e.g., 7;31;32]. However, all but one participant elected to receive earnings in one lump sum at the end. Congratulatory messages sent to participants had earnings specified and may have served as second order reinforcers. Also possibly involved is that in the extant literature, delays to reinforcement have largely been researcher-imposed, whereas the participants herein chose their preferred delays.
Limitations include that the sample size was relatively small, possibly limiting generalizability.
There were baseline differences between conditions, although these were controlled statistically to the extent possible. This was not a treatment study. Individuals with greater severity of alcohol problems may require modifications such as more dense testing schedules to realize improvements, while those desiring to reduce their drinking may be motivated and more likely to decrease drinking in response to the monitoring alone procedures. In this study, monitoring occurred for four weeks, and the acceptability of longer durations is unclear. Future research may examine adjusting the testing schedule to capture more drinking episodes and effects on feasibility and acceptability. In any case, the random prompt method used herein was acceptable and efficacious in substantially reducing drinking, at least in the short term. Accepted Article
Accepted Article
